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(54) Method and apparatus for determining separating force of molded product from mold 



(57) A method of and an apparatus for precisely de- 
termining a separating force of a molded product (3) 
from a mold (2a) by an ejector in an injection molding 
machine. A load exerted on an ejector mechanism 
(9-12) in operation without a product (3) molded in the 
mold (2a) is constituted by an inner resistance of the 
ejector mechanism (9-12). The inner resistance in- 
cludes frictional force produced within the ejector mech- 
anism (9-12) and resilient forces of springs (12) for re- 
turning ejector pins (11) to retracted positions thereof. 
On the other hand, the load exerted on the ejector mech- 
anism (9-12) in operation with a product (3) molded in 



the mold (2a) is constituted by the inner resistance and 
the separating force of the molded product (3) from the 
mold (2a). Thus, a difference between the loads detect- 
ed in driving the ejector mechanism (9-12) with and with- 
out a molded product (3) at each ejector position pre- 
cisely represents the separating force of the molded 
product (3) from the mold (2a). Judgment on defective- 
ness/ non-defectiveness of the molded product (3), and 
abnormality of the injection molding operation and the 
ejector mechanism (9-12) are performed more precisely 
based on the determined separating force of the molded 
product (3). 



FIG. 2 
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Description 

[0001] The present invention relates to an ejector for 
ejecting a molded product from a mold in an injection 
molding machine, and in particular to a method of and 
an apparatus for determining a separating force for sep- 
arating the molded product from the mold by the ejector. 
[0002] There have been proposed several methods 
of determining a separating force for separating a mold- 
ed product from a mold, and detecting status of the 
molded product and/or the mold and further errors in 
various settings of the ejector mechanism based on the 
determined separating force. For example, it is known 
from Japanese Patent Laid-Open Publication No. Heisei 
10-119107 to detect a load exerted on ejector pins for 
preventing breakage of the ejector pins and/or a core of 
the mold by an abnormal load thereon by an interference 
of the ejector pins and the core because of an error of 
setting of projection amount of the ejector pin, and for 
detecting remaining of the molded product in the mold . 
[0003] As means for detecting the separating force, it 
is generally known to measure the load exerted on the 
ejector mechanism directly using a sensor and by esti- 
mation of the load using a disturbance estimating ob- 
server incorporated in a controller of a servomotor for 
driving the ejector mechanism. 

[0004] Japanese Patent Laid-Open Publication No. 
Showa 56-1 4671 3 describes a method of determining a 
separating force of a molded product as a difference be- 
tween peak values of respective loads exerted on an 
ejector rod in driving an ejector mechanism with and 
without a molded product in the mold, which are detect- 
ed by a strain sensor mounted on the ejector rod. In this 
method, the separating force is determined by subtract- 
ing the peak value of the load exerted on the ejector rod 
without a molded product in the mold, which is consti- 
tuted by a resistance force in the mold, from the peak 
value of the load exerted on the ejector rod with a mold- 
ed product in the mold, which is constituted by a sum of 
the inner resistance force and the separating force for 
separating the molded product from the mold. However, 
time at which the inner resistance force reaches its peak 
value is generally different from time at which the sep- 
arating force excluding the inner resistance force reach- 
es its peak value, and therefore the difference of the 
peak values of the loads with and without a molded prod- 
uct in the mold does not precisely represent the sepa- 
rating force. For example, in the case where the inner 
resistance force reaches the peak value at the end of 
the ejector motion and the separating force reaches the 
peak value at the beginning of the motion, the difference 
obtained by subtracting the peak value of the load with- 
out a molded product (detected at the end of the ejector 
motion) from the peak value of the load with a molded 
product does not represent the peak value of the sepa- 
rating force because the resistance force included in the 
peak value with a molded product is not subtracted from 
the peak value of the ejecting force with the molded 



product, to cause a problem of failing in precise deter- 
mination of the separating force. 
[0005] Further, in the above method of determining 
the separating force using a sensor mounted on the 
5 ejector pin, the sensor has to be incorporated in the mold 
to have a complex structure and raise manufacturing 
cost, and also causing a problem of reliability of the sen- 
sor in mass production. 

[0006] Japanese Patent Laid-Open Publication No. 

10 Showa 61-182920 describes a method of determining 
the separating force indirectly by measuring a time pe- 
riod of operation of the ejector mechanism, since the 
time period of ejecting a molded product form a mold 
varies in dependence on a resistance of the molded 

15 product in separating from the mold since adherence of 
the molded product on the mold differs in dependence 
on a filling pressure of resin material into a cavity of the 
mold. In this the method, in order to detect variation of 
the separating force, it is necessary to lower a driving 

20 force of the ejector to make the ejecting time vary with 
variation of the separating force, to render it difficult to 
establish a precise relationship between the measured 
time and the ejecting force, i.e., failing in performing sta- 
ble ejection of a molded product or in precisely deter- 

25 mining the separating force. 

[0007] In the above-mentioned Japanese Patent 
Laid-Open Publication No. Heisei 1 0-1 1 91 07, the distur- 
bance load torque is estimated by a disturbance esti- 
mating observer incorporated in a servo controller for 

30 controlling a servomotor for driving the ejector mecha- 
nism, and an abnormal signal informing acollision of the 
ejector rod with an obstacle is issued when the estimat- 
ed disturbance load torque continuously exceeds an al- 
lowable range for a predetermined time period. In this 

35 method, the estimated disturbance load torque includes 
frictions of movable components moving in the mold and 
an elastic force of return springs for returning an ejector 
plate in the mold, and therefore the separating force in 
separating the molded product from the mold is not de- 

40 tected with high precision. 

[0008] The method of determining a separating force 
of a molded product from a mold in an injection molding 
machine of the present invention comprises the steps 
of: driving an ejector mechanism in a molding operation 

45 without injection of resin not to produce a molded prod- 
uct in the mold, and obtaining and storing a load exerted 
on the ejector mechanism at every predetermined peri- 
od or every predetermined position of the ejector mech- 
anism in driving the ejector mechanism; driving an ejec- 

50 tor mechanism in a molding operation with injection of 
resin to produce a molded product in the mold, and ob- 
taining a load exerted on the ejector mechanism at every 
predetermined period or every predetermined position 
in driving the ejector mechanism; and obtaining a differ- 

55 ence between the load obtained and stored in driving 
the ejector mechanism without molded product and the 
load obtained in driving the ejector mechanism with the 
molded product in the mold as a separating force of the 



2 



3 



EP 1 205 291 A1 



4 



molded product at every predetermined period or every 
predetermined position of the ejector mechanism. 
[0009] The separating force may be obtained in a pre- 
determined range in a motion stroke of the ejector mech- 
anism. 

[0010] The loads exerted on the ejector mechanism 
may be detected by means of a specific sensor or in the 
case where the ejector mechanism is driven by a ser- 
vomotor, the loads may be obtained based on a driving 
force of the servomotor. In this case, the driving force of 
the servomotor may be obtained by means of a control 
program for controlling the servomotor. 
[0011] Judgment on defectiveness/non-defective- 
ness of the molded product and abnormality of the ejec- 
tor mechanism may be performed based on the deter- 
mined separating force. 

[0012] Further, the present invention provides an ap- 
paratus for determining a separating force of a molded 
product from a mold in an injection molding machine, 
including means for carrying out respective steps of the 
above method. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

FIG. 1 is a schematic view of an electric ejector 
mechanism in an injection molding machine for use 
in the present invention; 

FIG. 2 is a detailed view of a part of the ejector 
mechanism shown in FIG. 1 , the part being provid- 
ed in a mold; 

FIG. 3 is a graph showing a load exerted on a ser- 
vomotor in driving the ejector mechanism as shown 
in FIGS. 1 and 2; 

FIG. 4 is a block diagram of a controller for control- 
ling the injection molding machine having the ejec- 
tor mechanism shown in FIGS. 1 and 2; 

FIG. 5 is a flowchart of processing for collecting ref- 
erence data in driving the ejector mechanism with- 
out a product molded in the mold; 

FIG. 6 is a flowchart of processing for obtaining a 
separating force of a molded product and perform- 
ing judgment on abnormality, in driving the ejector 
mechanism with a product molded in the mold; 

FIG. 7 is a table for storing the reference data in the 
reference data collecting processing; 

FIG. 8 is a table for storing data of load exerted on 
the ejector mechanism in driving the ejector mech- 
anism with the molded product in the mold and data 
of difference representing the separating force of 



the molded product; and 

FIG. 9 shows graphics on a display device for dis- 
playing the separating force and for data setting. 

[0014] FIGS. 1 and 2 show an electric ejector mech- 
anism in an injection molding machine for use in the 
present invention. As shown in FIGS. 1 and 2, a movable 
mold half 2a of a mold 2 is mounted on a movable platen 

I of an injection molding machine and a stationary mold 
half 2b of the mold 2 is mounted on a stationary platen 
(not shown). The mold 2 is opened and closed by a slid- 
ing motion of the movable platen 1 on a base (not 
shown) of the injection molding machine. A servomotor 
M for ejection is arranged on the movable platen 1 
through an appropriate fixture and an output shaft of the 
servomotor M is operatively connected with a ball screw 
7 rotatably supported on the movable platen 1 through 
a pulley 4, a belt 5 and a pulley 6. The ball screw 7 is in 
threaded engagement with a ball nut 8 which is fixed to 
an ejector rod 9. 

[0015] The ejector rod 9 extends through the movable 
platen 1 to the movable mold half 2a with a distal end 
abutting on an ejector plate 1 0. A plurality of ejector pins 

I I are provided on the ejector plate 1 0 to be extendable 
into a cavity of the movable mold half 2a. 

[0016] Asshown in the detailed view of FIG. 2, springs 
12 are arranged around the ejector pins 11 so that the 
ejector plate 10 and thus the ejector pins 12 are urged 
by elastic forces thereof in a direction of moving remote 
and retracted from the cavity of the movable mold half 
2a. 

[0017] When the servomotor M is driven to rotate the 
ball screw 7 in a forwarding direction through the pulley 
4, the belt 5 and the pulley 6, the ball nut 8 in engage- 
ment with the ball screw 7 moves forward (in a right- 
hand direction in FIG. 1 ) to push the ejector plate 1 0 to 
move forward against the elastic forces of the springs 
12. The ejector pins 11 are projected into the cavity of 
the movable mold half 2a to eject a molded product 3. 
Then, the servomotor M is driven in the reverse direction 
to move the ejector rod 9 backwards and thus retract 
the ejector plate 1 0 and the ejector pins 1 1 from the cav- 
ity of the movable mold half 2a. The above ejecting ac- 
tion may be performed a plurality of times. 
[0018] In the above ejecting action, a separating force 
for separating the molded product 3 from the movable 
mold half 2a is applied on the ejector mechanism includ- 
ing the ejector pins 1 1 , the ejector plate 1 0 and the ejec- 
tor rod 9. A load exerted on the servomotor M in driving 
the ejector mechanism with the molded product in the 
movable mold half 2a after opening the mold 2 with in- 
jection of resin in the mold cavity is the sum of the sep- 
arating force and an inner resistance force which in- 
cludes a friction caused in the ejector mechanism and 
a force caused by a specific mechanism in the ejector 
mechanism such as the resilient forces of the springs 
12. 
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[0019] On the other hand, a load exerted on the ser- 
vomotor M in driving the ejector mechanism without any 
molded product in the movable mold half 2a after open- 
ing the molds 2a and 2b without injection of resin in the 
cavity of the mold 2 is constituted by the inner resistance 
of the ejection mechanism including the frictional resist- 
ance and the resilient force of the springs 12. Thus, a 
difference between the load on the servomotor M in driv- 
ing the ejector mechanism with a molded product in the 
mold cavity and the load on the servomotor in driving 
the ejector mechanism without any molded product in 
the mold cavity represents the separating force of the 
molded product from the mold 2a. 
[0020] FIG. 3 shows variation of the load on the ser- 
vomotor M with respect to the ejector stroke (projection 
stroke of the ejector pins 11). 

[0021] In FIG. 3, a dotted straight line L3 indicates the 
resilient force of the springs 1 2 according to spring con- 
stant thereof, a thick line L1 indicates the load on the 
servomotor M in driving the ejector mechanism without 
molded product and a thin line L2 indicates a load on 
the servomotor M in driving the ejector mechanism with 
the molded product 3 to be ejected from the mold half 2a. 
[0022] The load indicated by the thin line L2 is consti- 
tuted by the separating force of the molded product 3, 
the frictional resistance of the ejection mechanism and 
the inner resistance of the mold, and the load indicated 
by the thick line L1 is constituted by the frictional resist- 
ance of the injection mechanism and the inner resist- 
ance of the mold. Thus, a difference between the load 
indicated by the thin line L2 and the load indicated by 
the thick line L1 precisely represents the separating 
force. It should be noted that a peak value of the thin 
line L2 does not represent a maximum value of the sep- 
arating force nor a difference between the peak value 
of the thin line L2 and a peak value of the thick line L1 
does not represent a value of the separating force. The 
difference between the load indicated by the thin line L2 
and the load indicated by the thick line L1 at each posi- 
tion of the ejector pin 11 in the motion stroke does 
present a value of the separating force. Thus, a maxi- 
mum value of the difference means the maximum value 
of the separating force. 

[0023] According to the present invention, the above 
difference between the load indicated by the line L2 and 
the load indicated by the line L1 is obtained for deter- 
mining the separating force. 

[0024] FIG. 4 schematically shows a controller for 
controlling the injection molding machine adoptable in 
the present invention. 

[0025] The controller 100 has a CNC CPU 35 as a 
microprocessor for a numerical control, a PC CPU 31 
as a microprocessor for a programmable control, a ser- 
vo CPU 32 as a microprocessor for a servo control, and 
a pressure monitor CPU 30 for performing a process of 
sampling signals from sensors for sensing various pres- 
sures such as an injection pressure. Information is 
transmitted among these microprocessors through a 



bus 40 by selecting mutual inputs/outputs. 
[0026] The PMC CPU 31 is connected with a ROM 25 
storing a sequence program for controlling a sequential 
operation of the injection molding machine and a RAM 
5 26 for use in temporary storage of computing data, and 
the CNC CPU 35 is connected with a ROM 37 storing 
an automatic operation program for general control of 
the injection molding machine and a RAM 38 for use in 
temporary storage of computing data. 
[0027] The servo CPU 32 is connected with a ROM 
29 storing a control program dedicated for the servo 
control for performing a position loop, a velocity loop and 
a current loop, and a RAM 28 for use in temporary stor- 
age of computing data. The pressure monitor CPU 30 
is connected with a ROM 23 storing a control program 
for the pressure monitor CPU 30 and a RAM 24 for stor- 
ing pressure values detected by the various sensors. 
Further, the servo CPU 32 is connected with a servo am- 
plifier 29 for driving each of servomotors for each axis 
for mold clamping, injection, screw rotation, ejector, etc. 
in the injection molding machine. Output signals from a 
position/velocity detector 21 provided at the servomotor 
for each axis are fed back to the servo CPU 32. The 
present position of each axis is calculated by the servo 
CPU 32 based on the feedback signals for the position/ 
velocity detector 21 and updated and stored in a present 
position storing register for each axis. The servomotor 
M for driving an ejector axis of the ejector mechanism 
and the position/velocity detector 21 for detecting posi- 
tion/velocity of the ejector pins based on a rotary posi- 
tion of the servomotor M are depicted in FIG. 1 . A servo 
system for each axis for clamping, injection, etc. is ar- 
ranged in the same manner. 

[0028] An interface 33 is an input/output interface for 
receiving signals from limit switches arranged at respec- 
tive portions on the injection molding machine and for 
transmitting various commands to peripheral equip- 
ments of the injection molding machine. 
[0029] A manual data input (MDI) device 39 with a dis- 
play device, numeral keys and various function keys is 
connected with a bus 40 through a display circuit 36 for 
displaying graphics on the display device and permitting 
selection of functional menus and input of various nu- 
meral data using the function and numeral keys. The 
display device may be a CRT display or a liquid crystal 
display. 

[0030] A data storage RAM 34 in the form of nonvol- 
atile memory stores molding data such as molding con- 
ditions, various set values, parameters, macro varia- 
bles, etc. for an injection molding operation. Tables TA 
and TB are provided in the data storage RAM 34 for stor- 
ing data of estimated disturbance torque values accord- 
ing to the present invention. 

[0031] With the above described arrangement, the 
PMC CPU 31 controls a general sequential operation of 
the injection molding machine, the CNC CPU 35 distrib- 
utes motion commands to the servomotors for respec- 
tive axes based on the operation program stored in the 
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ROM 37 and the molding conditions stored in the data 
storage RAM 34, and the servo CPU 32 performs a dig- 
ital servo control including the position loop, velocity 
loop and current loop control based on the motion com- 
mands distributed for each axis and the position/velocity 
feedback signals from the position/velocity detector 21 
in the ordinary manner. 

[0032] The method of and apparatus for determining 
a separating force of a molded product of the present 
invention is realized by the controller 1 00. The hardware 
structure of the controller 100 for an electric injection 
molding machine may be the same as the conventional 
one of the controller for controlling an injection molding 
machine. 

[0033] The controller 1 00 of the present invention dif- 
fers from the conventional one in that the tables TA and 
TB are provided in the data storage RAM 34, for storing 
data of estimated disturbance torque values at every 
predetermined period, and a program for the distur- 
bance torque estimating observer to be incorporated in 
the velocity loop of the control system, for estimating a 
disturbance torque exerted on the servomotor M for driv- 
ing the ejector mechanism and a program for determin- 
ing the separating force of the molded product and an 
abnormal load on the servomotor M are provided in the 
ROM 27 connected with the servo CPU 22. 
[0034] A separating force determining processing to 
be executed by the servo CPU 32 in the controller 1 00 
of the separating force determining apparatus at every 
predetermined period will be described referring to flow- 
charts of FIGS. 5 and 6. 

[0035] FIG. 5 shows processing for obtaining refer- 
ence data of a load exerted on the servomotor M in driv- 
ing the ejector mechanism with no molded product in 
the mold, the load comprising an inner resistance of the 
ejector mechanism only. 

[0036] First, a reference data collection mode is set 
by an operatorthrough the manual data input device 39. 
The injection molding machine is operated with no in- 
jection molding action and the ejector mechanism is 
driven by the servomotor M with no molded product in 
the mold half 2a. In operation of the ejector mechanism, 
the load exerted on the servomotor M is estimated by 
the disturbance load estimating observer incorporated 
in the servo control system. In this embodiment, the ser- 
vo control system for controlling the servomotor M is 
constituted by the servo CPU 32 and a software for the 
servo CPU 32 to perform the position, velocity and cur- 
rent (torque) loop control for the servomotor M. 
[0037] The servo CPU 32 executes the processing 
shown in FIG. 5 at every predetermined processing pe- 
riod. First, it is determined whether or not a flag F1 in- 
dicating the reference data collection mode is "1 11 or not 
(Step S1). If the reference data collection mode is not 
set, the flag F1 remains as "0" and the procedure is ter- 
minated. If it is determined that the flag F1 is "1 " indicat- 
ing the reference data collection mode, it is determined 
whether or not the ejector is just started or in operation 



on command of the PC CPU 31 (Step S2). If it is deter- 
mined that the ejector is not started nor in operation, the 
procedure is terminated. If it is determined that the ejec- 
tor is just started or in operation, an ejector position p is 
5 detected (Step S3). The ejector position is obtained 
based on the position data stored in a present position 
storage register. The position data are obtained based 
on the feedback signals form the position/velocity de- 
tector 21 associated with the servomotor M or the sum 
of the motion commands issued for the servomotor M. 
The detected ejector position p is stored at an address 
indicated by an index "i" in a data storage region of the 
table TA provided in the data storage RAM 34, as shown 
in FIG. 7 (Step S4).The index i is initially set to "0" when 
the reference data collection mode is set. 
[0038] Then, the load "e" exerted on the ejector mech- 
anism is determined (Step S5). The load is determined 
as a value obtained by estimating a load torque on the 
servomotor M by the disturbance load estimating ob- 
server. The processing for estimating the load on a ser- 
vomotor using the disturbance load estimating observer 
is well known in the art as exemplified by Japanese Pat- 
ent Laid-Open Publication No. 10-119107. The deter- 
mined load e is stored at an address indicated by the 
index i in a load storage region of the table TA as a ref- 
erence load Es(i), as shown in FIG. 7 (Step S6). 
[0039] In Step S7, it is determined whether or not the 
ejection is completed, i.e., the ejector pins are driven to 
a terminal end of the stroke. If the ejection is not com- 
pleted, the index i is incrementally increased by "1" at 
Step S1 0 and the procedure of the present processing 
period is terminated. 

[0040] In the subsequent processing period, since the 
ejector mechanism is in operation, the processing of 
Steps S1 -S7 and S1 0 is repeatedly performed until the 
ejection is completed, to store the ejector position P(i) 
and the load Es(i) in the table TA. 
[0041 ] When it is determined that the ejection is com- 
pleted in Step S7, the index i and the flag F1 are set to 
"0" (Steps S8 and S9) and the procedure is terminated. 
In the subsequent processing period, since the flag F1 
is set "0" the procedure immediately terminates after 
Step S1. 

[0042] With the above processing, the table TA con- 
taining the ejector position data P(i) and the reference 
load data Es(i) is obtained in the data storage RAM 34, 
as shown in FIG. 7. 

[0043] In the table TA, since the index i is incremen- 
tally increased by "1" at every predetermined process- 
ing period, the value of the index i represents an elapsed 
time from a start of the ejection with unit time of the pre- 
determined processing period. Thus, the ejector posi- 
tion P(i) and the reference load Es(i) at respective time 
from the start of the ejection are stored in the table TA. 
[0044] The processing for determining the separating 
force and detecting abnormality of the injection molding 
operation and the ejecting operation and further judg- 
ment on defectiveness/non-defectiveness of a molded 
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product based on the determined separating force will 
be described. 

[0045] First, an upper limit PU and a lower limit PL of 
monitoring the ejector position for judgment on the mold- 
ed product are set by an operator through a graphic dis- 
play on the display device of the MDI 39, as shown in 
FIG. 9. Further, an upper limit Dlmt of the separating 
force (difference), as a reference value forjudging de- 
fectiveness/non-defectiveness of the molded product, is 
set. The set values of the upper limit PU and the lower 
limit PL of monitoring the ejector position, and the upper 
limit Dlmt of the separating force are displayed on the 
display device in respective predetermined positions 
and lines representing the values are displayed in a 
graph showing variation of the separating force. The 
ways of setting the upper and lower limits PU and PL of 
monitoring the ejector position and the upper limit Dlmt 
of the separating force are described later. 
[0046] When a judgment mode is set and an injection 
molding operation is started, the servo CPU 32 executes 
the judgment processing shown in FIG. 6 at every pre- 
determined processing period. It is confirmed that the 
injection molding operation is performed in the judgment 
mode (Step T1). If the judgment mode is not set, the 
procedure is terminated. If the judgment mode is set, it 
is determined whether or not the flag F2 indicating midst 
of collection of data is set to "1 11 (Step T2). If the flag F2 
is not set to "1 ", it is determined whether or not a com- 
mand for starting an ejection has been issued from the 
PMC CPU 31 (Step T3). If the ejection start command 
has not been issued from the CPU 31 , the procedure is 
terminated. If the ejector start command has been is- 
sued, the flag F2 is set to "1" to indicate midst of data 
collection (Step T4), the load e estimated by the distur- 
bance estimating observer is read (Step T5), and the 
read load e is stored as load E(i) at an address indicated 
by the index i of a load storage area in the table TB, as 
shown in FIG. 8 (Step T6). The index i is initially set to 
"0" when the power is turned on. 
[0047] The reference load data Es(i) is read from the 
table TA at an address indicated by the index i in the 
position data area and is subtracted from the load e read 
in Step T5 to obtain a difference D(i), and the obtained 
difference D(i) is stored in the table TB at an address 
indicated by the index i in difference storage area, as 
shown in FIG. 8 (Step T7). Then, the obtained difference 
D(i) at the ejector position P(i) is displayed on the display 
device of the MDI 39 in the graph as shown in FIG. 9 
(Step T8). The difference D(i) precisely represents the 
separating force of the molded product from the mold at 
the ejector position P(i) because the load e obtained at 
Step T5 represents the load exerted on the servomotor 
M in driving the ejector mechanism with the molded 
product in the mold and the load data Es(i) represents 
the load exerted on the servomotor M in driving the ejec- 
tor mechanism without the molded product in the mold 
at the ejector position P(i). 

[0048] Then, it is determined whether or not the ejec- 



tor position P(i) is in the monitoring range between the 
lower limit PL and the upper limit PU (Step T9). If the 
ejector position is not located in the monitoring range, it 
is determined whether or not the ejecting action is com- 
5 pleted (the ejector pins are moved to the most forward 
position of the motion stroke or not) (Step T16). If the 
ejecting action is not completed, the index i is incremen- 
tally increased by "1 " (Step T15) and the procedure of 
the present processing period is terminated. 
[0049] In Step T9, the ejector position P(i) is read from 
the table TA and it is determined whether or not the ejec- 
tor position P(i) read from the table TA is within the mon- 
itoring range. Alternatively, the ejector position P(i) may 
be detected based on the position/velocity detector 21 
in the judgment processing at every predetermined 
processing period and it may be determined whether or 
not the detected ejector position P(i) is within the mon- 
itoring range. The detected ejector position P(i) may be 
stored in another storage region of the table TB. The 
ejector position P(i) at each predetermined period from 
the start of the ejecting action with no molded product 
in the mold for obtaining the reference separating force 
(in the processing of FIG. 5) and the ejector position P 
(i) at each predetermined period from the start of the 
ejecting action with a molded product in the mold (in the 
processing of FIG. 6) are regarded as the same making 
no substantial difference and thus either may be used. 
In this embodiment, the ejector position P(i) in obtaining 
the reference separating force is used. 
[0050] In the subsequent processing period, since the 
flag F2 is set to "1", the processing of Steps T1 , T2, 
T5-T9, T16 and T15 are repeatedly executed until the 
ejector position P(i) enters the monitoring range. The 
completion of the ejecting action is not detected until the 
ejector position P(i) proceeds out of the monitoring 
range. 

[0051 ] When it is determined that the ejector position 
P(i) is equal or greaterthan the lower limit PL and enters 
the monitoring range in Step T9, it is determined wheth- 
er or not the difference D(i) obtained at Step T7 exceeds 
a maximum difference Dmax stored in a register (Step 
T10). This register for storing the maximum difference 
Dmax is initially set to "0" when the power to the con- 
troller is turned on. 

[0052] If it is determined that the difference D(i) rep- 
resenting the separating force is greater than the max- 
imum difference Dmax, the maximum difference Dmax 
is updated by storing a value of the difference D(i) in the 
register (Step T11). The maximum difference Dmax is 
displayed on the display device of the MDI 39 by numer- 
al data, as shown in FIG. 9 (Step T1 2). If the difference 
D(i) is not greaterthan the maximum difference Dmax, 
the procedure proceeds Step T13 without performing 
the processing of Steps T1 1 and T1 2. 
[0053] In Step 13, it is determined whether or not the 
maximum difference Dmax exceeds the set upper limit 
Dlmt of the difference. If it is determined that the maxi- 
mum difference Dmax does not exceed the upper limit 
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Dlmt, the index i is incrementally increased by "1 " (Step 
T15) and the procedure in this processing period is ter- 
minated. If it is determined that the maximum difference 
Dmax exceeds the upper limit Dlmt, an abnormality sig- 
nal (alarm) ALM is set to indicate abnormality of the 
molding operation, defectiveness of molded product or 
abnormality of the ejecting action (Step T14). 
[0054] The processing of Steps T1 , T2, T5-T1 5 is re- 
peatedly executed until the ejector position P(i) exceeds 
the monitoring upper limit PU at every processing peri- 
od. 

[0055] When it is determined that the ejector position 
P(i) exceeds the upper limit PU, the procedure proceeds 
from Step T9 to Step T1 6 where it is determined whether 
or not the ejecting action is completed. If the ejecting 
action is not completed, the procedure proceeds to Step 
T15 where the index i is incrementally increased by "1" 
and the procedure is terminated. Subsequently, the 
processing of Steps T1 , T2, T5-T9, T16 and T15 is re- 
peatedly executed until the ejecting action is completed. 
[0056] When it is determined that the ejecting action 
is completed in Step T16, the maximum difference 
Dmax is reset to "0" (Step T18). Although the value of 
the maximum difference Dmax is reset, the displayed 
value on the display device of the MDI 39 is not reset to 
remain. Then, the abnormal signal ALM is set to "0" 
(Step T1 9) and the flag F2 is set to "0" (Step T20) and 
the procedure of the processing period is terminated. 
[0057] In the subsequent processing periods, since 
the flag F2 is set to "0", the procedure proceeds from 
Step T1 to Steps T2 and T3 and terminates unless a 
new ejection start command is issued from the PMC 
CPU 31 . When a new ejection start command is issued 
from the PMC CPU 31 , the processing as described is 
started. 

[0058] Thus, the difference D(i) between the load ex- 
erted on the servomotor M in driving the ejection mech- 
anism with and without a molded product in the mold is 
obtained at every predetermined period from a start to 
an end of an ejecting action. The obtained difference D 
(i) is displayed as a graph on the display device of the 
MDI 39 and it is judged whether or not the difference D 
(i) exceeds the upper limit Dlmt in the set monitoring 
range. 

[0059] The difference D(i) representing the separat- 
ing force of the molded product is determined from a 
start to an end of an ejecting action in the above embod- 
iment. Alternatively, the difference D(i) may be deter- 
mined only in the monitoring region between the lower 
limit PL and the upper limit PU. 

[0060] Also in the above embodiment, the ejector po- 
sition P(i) at each predetermined period in the ejecting 
action with no molded product and the ejector position 
P(i) at each predetermined period in the ejecting action 
with a molded product are regarded to make any sub- 
stantial displacement and thus it is regarded that the 
ejector positions in the ejecting action with and without 
a molded product at the time when the same time peri- 



ods elapsed are the same. The difference D(i) between 
the load E(i) indicated by the index i and the load Es(i) 
at the ejector position P(i) indicated by the same index 
i is obtained and graphically displayed. 
5 [0061] The above displacement is generally negligi- 
ble but if the CPU has a large processing capability, the 
ejector position P(i) may be determined and stored at 
every processing period in the data judgment process- 
ing shown in FIG. 6 and the reference load at the ejector 
position P(i) determined in the data judgment process- 
ing may be obtained based on the reference load Es(i) 
in the table TA by means of interpolation/extrapolation, 
and a difference between the interpolated/extrapolated 
reference load and the load E(i) may be obtained as the 
separating force and displayed for the judgment of ab- 
normality. 

[0062] As described, since the ejector positions P(i) 
at the same time elapsed from starts of the ejecting ac- 
tions in the reference data collection processing and in 
the data judgment processing may be regarded as the 
same, the difference representing the separating force 
may be determined on the time basis, instead of the po- 
sition basis. Thus, the difference may be determined 
with reference to the index i indicating elapsed time from 
a start of the data judgment processing with unit time of 
the processing period. Since it is convenient to set the 
monitoring upper limit PU and lower limit PL on the basis 
of the ejector position rather than the elapsed time, the 
separating force is determined on the basis of the ejec- 
tor position in the above embodiment. 
[0063] The setting of the lower limit PL and upper limit 
PU of the monitoring range and the upper limit Dlmt of 
the separating force may be performed, for example, by 
setting appropriate values referring to a graph of the 
separating force D(i) with respect to the ejector position 
P(i)on the display device as shown in FIG. 9 which is 
displayed based on the data obtained in the data judg- 
ment processing performed with default settings. 
[0064] Further, in the foregoing embodiment, the load 
exerted on the ejector mechanism is determined by the 
disturbance load estimating observer incorporated in 
the servo controller as a software for estimating the load 
exerted on the servomotor M for driving the ejector 
mechanism. Therefore, this arrangement is advanta- 
geous in that any additional hardware such as a sensor 
is not required for determining the load exerted on the 
ejector mechanism. As a matter of course, the load on 
the ejector mechanism may be directly detected using 
a sensor such as a strain gauge. Particularly in the case 
where the ejector mechanism is driven by means of hy- 
draulic actuator other than the electric motor, the load 
on the ejector mechanism may be directly detected by 
the sensor. 

[0065] Furthermore, the load exerted on the servomo- 
tor M is proportional to an output torque thereof and the 
output torque is proportional to a driving current thereof. 
Since the driving current of the servomotor M is detected 
by a detector for control of the servomotor M , the driving 
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current may be utilized for determining the load on the 
servomotor M. In this case, it is necessary to take ac- 
count of consumption of the driving current for acceler- 
ation/deceleration of the servomotor M. The influence 
of the consumption of the driving current is eliminated 
by appropriately setting the monitoring lower limit PL 
and upper limit PU sincethe driving current is consumed 
for acceleration/deceleration in beginning and terminat- 
ing regions of the motion stroke of the ejector mecha- 
nism. 

[0066] According to the present invention, the sepa- 
rating force of a molded product from a mold is precisely 
determined by eliminating forces other than the sepa- 
rating force from the measured force. Thus, the judg- 
ment on defectiveness/non-defectiveness of a molded 
product, an injection molding status and abnormality of 
the ejector mechanism is performed more precisely. 



Claims 

1. A method of determining a separating force of a 
molded product from a mold in an injection molding 
machine, comprising the steps of: 

driving an ejector mechanism in a molding op- 
eration without injection of resin not to produce 
a molded product in the mold, and obtaining 
and storing a load exerted on the ejector mech- 
anism at every predetermined period or every 
predetermined position of the ejector mecha- 
nism in driving the ejector mechanism; 

driving an ejector mechanism in a molding op- 
eration with injection of resin to produce a mold- 
ed product in the mold, and obtaining a load ex- 
erted on the ejector mechanism at every pre- 
determined period or every predetermined po- 
sition in driving the ejector mechanism; and 

obtaining a difference between the load ob- 
tained and stored in driving the ejector mecha- 
nism without molded product and the load ob- 
tained in driving the ejector mechanism with the 
molded product in the mold as a separating 
force of the molded product at every predeter- 
mined period or every predetermined position 
of the ejector mechanism. 

2. A method of determining a separating force of a 
molded product from a mold according to claim 1 , 
wherein the separating force is obtained in a prede- 
termined range in a motion stroke of the ejector 
mechanism. 

3. A method of determining a separating force of a 
molded productfrom a mold according to claim 1 or 
2, wherein the loads are obtained by means of a 



sensor for sensing a load on the ejector mecha- 
nism. 

4. A method of determining a separating force of a 
5 molded product from a mold according to claim 1 or 

2, wherein the ejector mechanism is driven by a ser- 
vomotor and the loads are obtained based on a driv- 
ing force of the servomotor. 

10 5. A method of determining a separating force of a 
molded product from a mold according to claim 4, 
wherein the driving force of the servomotor is ob- 
tained by means of a control program for controlling 
the servomotor. 

15 

6. A method of determining a separating force of a 
molded product from a mold according to any pre- 
ceding claim, further comprising a step of perform- 
ing judgment on defectiveness/non-defectiveness 

20 of the molded product based on the determined 
separating force. 

7. A method of determining a separating force of a 
molded product from a mold according to any pre- 

25 ceding claim, further comprising a step of perform- 
ing judgment on abnormality of the ejector mecha- 
nism based on the determined separating force. 

8. An apparatus for determining a separating force of 
30 a molded product from a mold in an injection mold- 
ing machine, comprising: 

load determining means for determining a load 
exerted on the ejector mechanism at every pre- 
35 determined period or every predetermined po- 

sition in driving the ejector mechanism; 

storing means for storing the determined load; 

40 means for driving an ejector mechanism in a 

molding operation without injection of resin not 
to produce a molded product in the mold, and 
storing a load exerted on the ejector mecha- 
nism determined by said load determining 
45 means in driving the ejector mechanism in said 

storing means; and 

means for driving an ejector mechanism in a 
molding operation with injection of resin to pro- 
50 duce a molded product in the mold, and obtain- 

ing a difference between the load on the ejector 
mechanism determined by said load determin- 
ing means in driving the ejector mechanism 
with the molded product and the stored load de- 
55 termined by said load determining means in 

driving the ejector mechanism without molded 
product, as a separating force of the molded 
product at every predetermined period or every 
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predetermined position of the ejector mecha- 
nism. 

9. An apparatus for determining a separating force of 

a molded product from a mold according to claim 8, 5 
further comprising means for setting a range in a 
motion stroke of the ejector mechanism for deter- 
mining the separating force. 

10. An apparatus for determining a separating force of 10 
a molded product from a mold according to claim 8 

or 9, wherein said load determining means compris- 
es a sensor provided at the ejector mechanism. 

1 1 . An apparatus for determining a separating force of 15 
a molded product from a mold according to claim 8 

or 9, wherein the ejector mechanism is driven by a 
servomotor and said load determining means com- 
prises a driving force detecting means for detecting 
a driving force of the servomotor as the load on the 20 
ejector mechanism. 

12. An apparatus for detecting a separating force of a 
molded product from a mold according to claim 1 1 , 
wherein said driving force detecting means is con- 25 
stituted by means of a control program for control- 
ling the servomotor. 

13. An apparatus for detecting a separating force of a 
molded product from a mold according to any of 30 
claims 8 to 12, further comprising means for per- 
forming judgment on defectiveness/non-defective- 
ness of the molded product based on the deter- 
mined separating force. 

35 

14. A method of detecting a separating force of a mold- 
ed product from a mold according to any of claims 
8 to 13, further comprising means for performing 
judgment on abnormality of the ejector mechanism 
based on the determined separating force. 40 
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